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(54) METHODS OF INSPECTING AND MANUFACTURING SILICON WAFER, METHOD OF 
MANUFACTURING SEMICONDUCTOR DEVICE, AND SILICON WAFER 



(57) The present invention provides a method for in- 
specting a silicon wafer making it possible to identify and 
efficiently detect a new defect affecting a device fabri- 
cating process, a method for manufacturing a silicon wa- 
fer enabling manufacture of wafers not having the de- 



fect, a method for fabricating a semiconductor device 
using the silicon wafer not having this defect, and the 
silicon wafer not having the defect. When a silicon wafer 
Is inspected, inspection is made for a defect having the 
entire defect size of 0.5 |im or more in which microde- 
fects gather in a colony state. 
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Description 

Technical Field: 

[0001] The present Invention relates to a method for 
Inspecting a silicon wafer (hereinafter may be simply re- 
ferred to as a "wafer"), and more specifically to a method 
for inspecting a silicon wafer for detecting a new defect 
which has not been Identified, a method for manufactur- 
ing a silicon wafer having no such defect, a method for 
fabricating a semiconductor device using the silicon wa- 
fer having no such defect above, and the new silicon 
wafer having no such defect. 

Background Art: 

[0002] Generally a method for manufacturing a silicon 
wafer comprises a slicing step of slicing a single crystal 
ingot to obtain a thin disk-shaped wafer; a chamfering 
step of chamfering a peripheral edge portion of the wafer 
obtained through the slicing step to prevent cracking 
and chipping of the wafer; a lapping step of flattening 
this wafer; an etching step of removing machining de- 
formation remaining in the so chamfered and lapped wa- 
fer; a polishing step of making a mirror surface of the 
wafer; and a cleaning step of cleaning the polished wa- 
fer to remove a polishing agent or dust particles depos- 
ited thereon. Only the main steps are listed above, and 
sometimes other steps such as a heat treatment step 
may be added, or the step sequence may be changed. 
The silicon wafer manufactured as described above is 
finally subjected to a quality check, then is packaged in 
a container for accommodating wafers therein, and Is 
sent to a device fabricating company (or step). 
[0003] With the manufacturing steps as described 
above, recently in association with the tendency that de- 
vices have been becoming more and more minute, de- 
mands for device perfomnance to be achieved have be- 
come increasingly severe, and further the silicon wafer 
is required to have completeness of the crystal quality 
and cleanliness of the wafer surface. 
[0004] To satisfy the demands, It is necessary to eval- 
uate quality of the silicon wafer under stringent condi- 
tions, and to improve the processing for manufacturing 
the silicon wafer and fabricating the device using the sil- 
icon wafer therein. 

[0005] In the silicon wafer, completeness of the crystal 
quality is largely spoiled by existence of impurities, 
microdefects, strain fields and so on. On the silicon wa- 
fer surface, heavy metals, organic materials, particles 
and surface roughness also cause problems. 
[0006] As a defect causing a problem in a device fab- 
ricating process, there has been known a COP (Crystal 
Originated Particle) appearing in the vicinity of a surface 
layer of the wafer. The COP is generally defined as a 
defect with the size of 0.1 \irr\ or less, but It appears on 
the wafer surface as a pit, that is, a defect with the size 
on the order of 0,1 to 0.5 \im which can be obsen/ed by 



processing the wafer with an ammonia-hydrogen perox- 
ide solution (also referred to as a "SCI solution"). These 
are defects generated when the crystal is pulled. 
[0007] A FPD (Flow Pattern Defect) having closely re- 
5 lated to an oxide film dielectric breakdown strength Is a 
ripple-like defect appearing when preferential etching is 
performed with an etching liquid based on hydrofluoric 
acid and potassium bichromate. 

[0008] There have been known other defects such as 
10 a LSTD (Laser Scattering Tomography Defect) detected 
by the laser scattering tomography, and these defects 
are microdefects having similar behavior during growth 
of the crystal. 

[0009] Further it is known that such defects as an OSF 
15 (Oxidation-induced Staking Fault) largely affect per- 
formance of a device. 

[0010] To evaluate these defects, generally preproc- 
essing is performed to a silicon wafer Itself prior to start 
of the evaluation, and then the defects are directly mon- 
20 Itored visually, with an electronic microscope or the like. 

Disclosure of the Invention: 

[0011] It has been considered that there may exist 
25 other defects affecting the device fabricating step In ad- 
dition to those described above. It is generally consid- 
ered that the defects are of different types from the COP, 
FPD, LSTD, and OSF, but particular features of the de- 
fects have not been clarified. 
30 [0012] Therefore it has been difficult to accurately and 
finely evaluate quality of a silicon wafer and to improve 
the processes for manufacturing the silicon wafer and 
fabricating a device. 

[0013] The present Inventor has discovered a new 
35 type of defect having the entire defect size of 0.5 |Lim or 
more which is different from the crystal defects of the 
silicon wafer such as a COP previously known and in 
which microdefects gather in a colony state. This defect 
may especially affect a yield in the device fabricating 
40 step. 

[0014] This new type of defect is described In more 
details below. There Is no difference between irregular- 
ities in the defect area and those In other area of the 
silicon surface. For Instance, this defect can not be de- 

45 tected with an AFM (Atomic Force Microscope) at all. 
[001 5] An atomic force microscope (AFM) monitors a 
surface by making use of atomic forces working when 
atoms at the tip of the probe are approached to a sample 
and controlling the probe for keeping the atomic forces 

50 at a constant level. The resolution of the atomic force 
microscope (AFM) is 0.1 nm or below. 
[001 6] This new type of defect can be detected by per- 
forming appropriate image processing with a laser mi- 
croscope based on a confocal optical system. 

55 . [0017] The confocal optical system detects quantities 
of light having passed through a pinhole by irradiating 
converged light beams on a fine spot on a sample and 
re-converging the reflected light to the pinhole fitted to 
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the front of a light receiver. 

[0018] As shown in Fig. 7, a laser microscope 10 
based on this confocal optical system comprises a laser 
light source 14 such as an argon ion laser, a light detec- 
tor 24 such as a photodlode, a beam splitter 16, a pin- 
hole 20a and others. This laser microscope 10 is de- 
scribed in detail later. 

[001 9] This new type of defect can also be evaluated 
by cleaning with a SCI solution. However, this evalua- 
tion method becomes problematically a destructive in- 
spection. Further to achieve an easy observation by 
cleaning with the SCI solution, the etching time is de- 
sired to be longer, but as etching proceeds, the wafer 
surface becomes rougher, so that the new defect dis- 
covered in the present invention can hardly be differen- 
tiated from the COP. 

[0020] As the newly discovered defect described 
above gives influence on a yield in the device fabricating 
step, it has been found that the wafer having a defect 
evaluated and observed by the evaluation method de- 
scribed above should not be sent to the device fabricat- 
ing step. The present Invention has been completed 
based on the finding. 

[0021] It is an object of the present invention to pro- 
vide a method for inspecting a silicon wafer making it 
possible to identify and efficiently detect a new type of 
defect affecting a device fabricating step, a method for 
manufacturing a silicon wafer not having the defect as 
described above, a method for fabricating a semicon- 
ductor device using the silicon wafer not having the de- 
fect as described above, and the silicon wafer not having 
the defect itself. 

[0022] To solve the problems described above, a 
method for inspecting a silicon wafer according to the 
present invention comprises the step of, when inspect- 
ing the silicon wafer, inspecting a defect having the en- 
tire defect size of 0.5 jim or more in which mlcrodefects 
gather in a colony state. In this new type of defect, sev- 
eral tens to several hundreds microdefects each having 
the size on the order of 0.05 to 0.5 \im gather to form a 
colony-like defect. Depending on the number of gather- 
ing microdefects, even the small defect is detectable as 
one having the size of at least 0.5 ^im. There may be 
found the large defect having the size on the order of 3 
to 1 0 |im. 

[0023] The defect can be inspected with a laser mi- 
croscope based on a confocal optical system or a dark 
field microscope. There is no difference between irreg- 
ularities in the defect area and those in other area of the 
wafer surface; therefore the defect can not be evaluated 
with an atomic force microscope (AFM). After preproc- 
essing is performed with an ammonia-hydrogen perox- 
ide solution (a SC1 solution) and the defect area is 
etched, the defect may be evaluated and detected, but 
in this case the inspection becomes a destructive one. 
Further this type of defect can hardly be differentiated 
from the conventional type of defect such as a COP. For 
evaluation as a non-destructive inspection, it is prefer- 



able to perform the inspection with the laser microscope 
based on the confocal optical system. 
[0024] It has been found that, in addition to the laser 
microscope based on the confocal optical system, also 

5 a dark field microscope can be used for the evaluation. 
The dark field microscope is used for obsen/ing light 
scattered by defects or particles when irradiating laser 
beams on a sample to be monitored in the state where 
the entire measurement system is placed under a dark 

10 condition, and also this dark field microscope can be 
used for the evaluation as a non-destructive inspection. 
[0025] A first aspect of a method for manufacturing a 
silicon wafer according to the present invention compris- 
es the steps of polishing the silicon wafer; cleaning and 

15 drying the polished silicon wafer; and inspecting a defect 
having the entire defect size of 0.5 p. m or more in which 
microdefects gather in a colony state with a laser micro- 
scope based on a confocal optical system or a dark field 
microscope after the cleaning and drying step. 

20 [0026] A second aspect of a method for manufactur- 
ing a silicon wafer according to the present invention 
comprises the steps of: mirror polishing the silicon wa- 
fer; cleaning and drying the mirror polished silicon wafer; 
and preventing deposition of impurities on a surface of 

25 the wafer and also generation of a defect having the en- 
tire defect size of 0.5 p,m or more in which microdefects 
gather in a colony state after the wafer is mirror polished. 
[0027] A method for fabricating a semiconductor de- 
vice according to the present invention comprises the 

30 steps of: inspecting a defect having the entire defect size 
of 0.5 }i.m or more in which microdefects gather in a col- 
ony state in a silicon wafer; selecting the silicon wafer 
not having the defect; and fabricating the semiconductor 
device by using the silicon wafer not having the defect. 

35 [0028] A silicon wafer according to the present inven- 
tion is the silicon wafer which is mirror polished and has 
no defect having the entire defect size of 0.5 |i.m or more 
in which microdefects gather in a colony state. 
[0029] This new type of defect to be inspected by the 

^0 inspecting method according to the present invention is 
different from any crystal defect, and is conceivably gen- 
erated by contamination by impurities generated in the 
polishing step and afterward such as metallic impurities, 
a non-uniform surface state after polishing (such as the 

45 state where alkaline components of a polishing agent 
remain partially on the surface or hydrophilic areas and 
hydrophobic areas have been generated), or deposition 
of silicon particles or other particles floating in the air. 
Generation of this type of defect can be prevented by 

50 preventing deposition of impurities on the wafer surface 
after polishing. 

[0030] Therefore, to manufacture a wafer not having 
the defect as described above, it is required to prevent 
deposition of impurities immediately after the wafer is 
55 polished. For instance, storage of a just polished wafer 
is conducted in water and the storage water is controlled 
to manufacture the wafer by adding citric acid and a sur- 
factant, a hydrogen peroxide solution and citric acid, or 
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the like for preventing metals as a kind of the impurities 
from being deposited on a surface of the wafer. While a 
final wafer is manufactured, after the storage described 
above, through several steps including a cleaning step 
and a packaging step (and an inspecting step), contam- s 
inatlon may occur by impurities from the atmosphere 
during the cleaning and packaging steps after the pol- 
ishing step, or from, for instance, a container for ship- 
ment used for shipping the wafer product, so in the wafer 
manufacturing process careful attentions are required io 
for preventing the contamination as described above. 
[0031] By paying careful attentions for preventing 
contamination by impurities after the polishing step, a 
wafer not having these defects can be constantly man- 
ufactured. 15 
[0032] Apart from the above-described wafer manu- 
facturing method, it is also desirable to include a step 
for inspecting a defect having the entire defect size of 
0.5p.m or more in which microdefects gather in a colony 
state with a laser microscope based on a confocal opti- 20 
cal system or a dark field microscope in the manufac- 
turing process and especially to include the inspecting 
step after the polishing step but before the packaging 
step. 

[0033] When the inspecting step is included in the 25 
manufacturing process, a wafer which may lower a yield 
can preferably be removed. Further the laser micro- 
scope based on the confocal optical system or the dark 
field microscope enables a non-destructive inspection, 
so that the inspecting step can be performed as a part 30 
of the general manufacturing process. 
[0034] By selecting a wafer not having the defect hav- 
ing the entire defect size of 0.5 |i.m or more as described 
above in which microdefects gather in a colony state, it 
is possible to fabricate a device by using the wafer in 35 
the device manufacture process with a high yield. 

Brief Description of the Drawings: 



[0035] 



40 



Fig. 1 Is a micrograph showing a silicon wafer taken 
by a laser microscope based on a confocal optical 
system in Experimental Example 1 ; 
Fig. 2 is a schematic view showing the silicon wafer 45 
in Fig. 1; 

Fig. 3 is a micrograph showing a silicon wafer taken 
by an atomic force microscope (AFM) in Experimen- 
tal Example 1; 

Fig. 4 is a schematic view showing the silicon wafer so 
in Fig. 3; 

Fig. 5 is a micrograph showing a silicon wafer taken 
by an atomic force microscope (AFIS/I) in Experimen- 
tal Example 2; 

Fig. 6 is a schematic view showing the silicon wafer ss 
in Fig. 5; 

Fig. 7 is a general explanatory view showing a basic 
structure of the laser microscope based on the con- 



focal optical system; 

Fig. 8 is a flow chart showing one embodiment of 
procedures for inspecting the wafer; 
Fig. 9 is a general explanatory view showing a basic 
structure of a dark field microscope; 
Fig. 10 is a micrograph showing a silicon wafer tak- 
en by the dark field microscope in Experimental Ex- 
ample 3; and 

Fig. 1 1 is a schematic view showing the silicon wafer 
in Fig. 10. 

Best Mode for Carrying Out the Invention: 

[0036] A laser microscope based on a confocal optical 
system and a dark field microscope used in the method 
according to the present invention and procedures for 
inspecting a wafer with the microscopes are described 
with reference to Fig. 7, Fig. 8, and Fig. 9, but it is to be 
noted that the present invention is not limited to the em- 
bodiments shown in these figures, and It is needless to 
say that various modifications are possible within the 
scope of the technical idea of the present invention. 
[0037] Fig. 7 is a general explanatory view showing a 
basic structure of a laser microscope based on a con- 
focal optical system. In Fig. 7, the reference numeral 10 
indicates a laser microscope based on a confocal optical 
system, in which a laser beam source 14 such as an 
argon laser is provided at a position opposite to a mi- 
croscope body 1 2. 

[0038] The microscope body 12 comprises a beam 
splitter 16 for splitting laser beams B from the laser 
beam source 1 4 to a plurality of laser beams B, an object 
lens 18 for converging the laser beams B onto a surface 
of a wafer W to be inspected, a converging lens 22 for 
converging the laser beams B reflected from a surface 
of the wafer W into a pinhole 20a of a pinhole member 
20, and a light detector 24 for receiving the laser beams 
B having passed through the pinhole 20a. 
[0039] With the configuration as described above, 
now the principle of operations thereof is described be- 
low. 

1 ) The laser beams B from the laser beam source 
1 4 are split by the laser beam splitter 1 6 to a plurality 
of laser beams B. 

2) All of the laser beams B are converged and irra- 
diated by the object lens 18 onto a surface of the 
wafer W with a spot of, for instance, about 0,4 p. m, 
and concurrently are scanned in the horizontal di- 
rection keeping a space between the laser micro- 
scope 10 and the wafer W at a constant value. 

3) The laser beams B reflected on a surface of the 
wafer W retum through the optical system, and are 
converged by the converging lens 22 and Intro- 
duced through the pinhole 20a of the pinhole mem- 
ber 20 into the light detector 24. 

4) When there are defects on a surface of the wafer 
W, a wave front of the reflected light from the defect 
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area is disturbed, and a spot of the laser beams B 
expand, so that the light detecting signal is deterio- 
rated. 

5) A defect detecting circuit not shown in the figure 
detects a difference between signals in the light de- 
tector 24, determines that the area where a signal 
intensity difference with a signal amplitude higher 

than a prescribed value is generated is a defect ar- 
ea, and records the size and coordinates of the ar- 
ea. 

6) An inspection is carried out by moving the laser 
beams B at a constant speed, and each beam spot 
scans the entire surface of the wafer W minutely. 

[0040] Procedures for inspecting the wafer W with the 
laser microscope 10 based on the confocal optical sys- 
tem described above are described below with refer- 
ence to Fig. 8. Fig. 8 Is a flow chart showing one em- 
bodiment of procedures for inspecting the wafer W. 
[0041] More specifically, the wafer inspecting proce- 
dures In the wafer inspecting method according to the 
present invention are as described below. 

1) A wafer is loaded on a wafer cassette and set in 
a loader section (step 100). 

2) An order of wafers to be inspected and a recipe 
concerning such factors as sensitivity for inspection 
are prepared in the operator console section (step 
101). 

3) The wafers to be inspected are automatically 
aligned and inspected successively (step 102). 

4) A defect map and a histogram reflecting a result 
of inspection in the inspected area are displayed 
during the wafer inspection, and an inspection re- 
sult file is automatically prepared (step 103). 

5) An image of any defect area specified from the 
defect map screen can be monitored after comple- 
tion of the wafer inspection (step 104). 

[0042] When an optional video printer is used togeth- 
er with the laser microscope based on the confocal op- 
tical system used in Examples described below, it is pos- 
sible to print out a monitor screen. Further the defect 
area detected as described above can also be analyzed 
from different points of view by converting the coordi- 
nate file fomnat reflecting a result of inspection to a co- 
ordinate file format for other devices such as a scanning 
electron microscope (SEM) or an atomic force micro- 
scope (AFM). 

[0043] Fig. 9 is a general explanatory view showing a 
basic structure of a dark field microscope. In Fig. 9, the 
reference numeral 30 indicates a dark field microscope, 
and the dark field microscope 30 has an optical micro- 
scope body 32 with the measurement system set in a 
dark field. A laser beam source 34 such as an argon 
laser is provided in relation to the optical microscope 
body 32. When the laser beams B from the laser beam 
source 34 are irradiated onto a surface of the wafer W, 



the laser beams B are scattered due to a defect 1 and 
the like of the wafer W, and the scattered laser beams 
S are again converged and detected by a monitoring unit 
(detector) 44 such as a CCD camera. 
5 [0044] With the configuration as described above, 
now the principle of operations thereof is described be- 
low. 

1) The laser beams B are irradiated from the laser 
fO beam source 34 onto a surface of the wafer W in 

the state where the measurement system is set in 
a dark field. 

2) When scanning is performed on a surface of the 
wafer W, the laser beams B are scattered in an area 

15 having the defect 1 . 

3) This scattered light (laser scattering) is con- 
verged with an optical microscope and is detected 
with a detector 44. 

20 Examples 

[0045] The present invention will be described more 
specifically below by way of following Examples which 
should be construed as illustrative rather than restric- 

25 tive. 

[Experimental Example 1: Inspection with a laser 
microscope based on a confocal optical system (Non- 
destructive inspection) ] 

30 

[0046] A silicon wafer was monitored and inspected 
with the MAGICS (product name) made by LASERTEC 
CORP. as a laser microscope based on a confocal op- 
tical system. The inspection carried out with the laser 
35 microscope based on the confocal optical system is not 
destructive, and any specific preprocessing is not re- 
quired. 

[0047] Thesample silicon wafer was manufactured by 
the general method. Namely, silicon single crystal ingot 

40 was sliced, and a peripheral edge portion of the sliced 
wafer was chamfered to prevent cracking and chipping 
thereof. The wafer was lapped to be flattened, etched 
to remove machining deformation, polished for making 
a mirror surface of the wafer, cleaned and dried. The 

^5 cleaned and dried sample wafer was evaluated. 

[0048] A result of monitoring the defects is shown in 
Fig. 1 and Fig. 2. Fig. 1 is a micrograph showing a sur- 
face of the sample silicon wafer taken with the MAGICS, 
and Fig. 2 Is a schematic view showing the silicon wafer 

50 in Fig. 1. The reference numeral 1 in Fig. 1 and Fig. 2 
indicates a defect (defect 1) which may cause troubles 
in the device fabricating process. From the micrograph 
of Fig. 1 and the schematic view of Fig. 2, it is under- 
stood that dot-like defects gather in the colony state to 

55 form a defect area with the size of 0.5|j.m or more as a 
whole. The defect 1 shown in Fig. 1 and Fig. 2 indicates 
a representative defect observed on a wafer surface. 
The entire size of each defect varies according to the 
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gathering state of the microdefects, but a plurality of de- 
fects 1 each having the similar colony-like fonn and the 
size on the order of CSp-m to lOp-m were observed on 
the wafer surface. The size of the defect 1 shown in Fig. 
1 and Fig. 2 was about 6|j,m. s 
[0049] The reference numeral 2 in Fig. 1 and Fig. 2 
indicates a defect (defect 2) which can be observed with 
an atomic force microscope (AFM). This defect 2 was 
used as a mark so that the defect 2 could be confirmed 
at the same position also in other evaluation methods. io 
Namely, monitoring was performed under a fixed point 
observation. 

[0050] Then irregularities of the defect surface were 
evaluated with the atomic force microscope (AFM). The 
SPA 360 from SEIKO INSTRUMENTS INC. was used 15 
as the atomic force microscope (AFM). 
[0051] Using the defect 2 as a mark, the defect was 
confirmed at the same position in Fig. 1 and Fig. 2. A 
result of monitoring with the atomic force microscope 
(AFM) is shown in Fig. 3. Fig. 3 Is a micrograph showing 20 
a surface of the silicon wafer taken with the SPA 360, 
while Fig. 4 is a schematic view showing the silicon sur- 
face In Fig. 3. As cleariy understood from Fig. 3 and Fig. 
4, the defect 1 observed In Fig. 1 and Fig. 2 could not 
be detected even when irregularities of the wafer sur- 25 
face were monitored with the atomic force microscope 
(AFM), and it is considered that this defect has no irreg- 
ularities and that this defect is caused by impurities gath- 
ering in a strained portion within the wafer (an upper- 
most surface layer). 30 

[Experimental Example 2: Inspection after long time 
processing with a SC1 solution (Destructive inspection)] 

[0052] The silicon wafer observed in Experimental 35 
Example 1 was processed with a SCI solution (a chem- 
ical solution with the volumetric ratio of 28 wt % ammo- 
nia water: 30 wt % hydrogen peroxide solution: water = 
10 : 2 : 100) for 40 minutes under the solution temper- 
ature of 80 °C. The wafer Immersed in the solution was 40 
then monitored and Inspected with an atomic force mi- 
croscope (AFM). 

[0053] A result of observation of the defect is shown 
in Fig. 5 and Fig. 6. Fig. 5 is a micrograph showing a 
suri^ace of the silicon wafer taken with the SPA 360, 45 
while Fig. 6 is a schematic view showing the surface of 
silicon wafer shown in Fig. 5. The area of defect 1 not 
observed with the atomic force microscope (AFM) (see 
Fig. 3 and Fig. 4) was etched with a chemical solution 
with the SC1 composition, and the defect 1 could be ob- so 
served as shown in Fig. 5 and Fig. 6. 
[0054] As described above, this new defect 1 is differ- 
ent from a defect caused due to the crystalline structure 
such as a COR and it can be considered that this defect 
is caused due to any defect In an uppermost surface 55 
layer of the wafer surface, especially strain therein. 



[Experimental Example 3: Inspection with a dark field 
microscope] 

[0055] A silicon wafer was observed with the SPA 360 
from SEIKO INSTRUMENTS INC. as a dark field micro- 
scope. This SPA 360 is a unit provided with different two 
types of microscopes, namely the atomic force micro- 
scope (AFM) and the dark field microscope, and this unit 
enables observation with a dark field microscope at the 
same position where measurement is performed with 
the AFM. 

[0056] The sample silicon wafer was a wafer with a 
defect having the entire defect size of 0.5^m or more in 
which microdefects gather in a colony state (the wafer 
used in Experimental Example 1), and the defect was 
confirmed with a laser microscope based on the confo- 
cal optical system. 

[0057] A result of observation of the defect is shown 
in Fig. 10 and Fig. 11. Fig. 10 is a micrograph showing 
the silicon wafer taken with a dark field microscope, 
while Fig. 11 Is a schematic view showing the silicon wa- 
fer shown In Fig. 10. Observation was performed at 
about X 50 magnification. Although the microdefects 
can not be differentiated from each other, these figures 
show that the defect having the same form as that of the 
defect 1 observed with the laser microscope based on 
the confocal optical system can be observed. A defect 
having the ordinary Irregularities (such as the defect 2 
observed as a mark) or a particle can be detected with 
the dark field microscope because scattering of the laser 
beams occurs, but it was found that also the defect hav- 
ing no irregularities found in the present invention could 
be observed with the dark field microscope. It can be 
considered that this new type of defect can be observed 
with the dark field microscope because this defect is a 
specific one. Namely, although this defect has no irreg- 
ularities, it can be considered that the defect reflects a 
difference in surface quality between the defect area 
and other normal area In the vicinity thereof, especially 
a difference in density due to Impurities present on the 
wafer surface. 

(Example 1) 

[0058] A sample silicon wafer subjected up to the pol- 
ishing step by following the same sequence as that in 
Experimental Example 1 was prepared, and the pol- 
ished sample wafer was stored in a pit tank containing 
citric acid and hydrogen peroxide solution to prevent im- 
purities such as metal contamination as much as pos- 
sible, and then was subjected to the cleaning step. Con- 
tamination by heavy metals was prevented also during 
this cleaning step, and then the sample was dried. Even 
after the steps described above, the sample was kept 
under an environment where the quantities of particles 
in the atmospheric air were 1000 pieces per cubic feet 
or less, and the sample wafer was monitored and eval- 
uated with a laser microscope based on a confocal op- 
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tical system immediately after the sample was taken out 
from the environment. The defect 1 having the entire de- 
fect size of 0.5 |im or more in which microdefects gather 
in a colony state as shown in Fig. 1 was not observed. 

(Comparative Example 1) 

[0059] A sample silicon wafer subjected up to the pol- 
ishing step by following the same sequence as that in 
Experimental Example 1 was prepared, and the pol- 
ished sample wafer was stored in pure water, took out 
from the water and left intentionally under the atmos- 
pheric air for a while, and then was cleaned. In these 
steps, the sample wafer was intentionally contacted to 
unspecified impurities. Then the sample silicon wafer 
was monitored and evaluated with a laser microscope 
based on a confocal optical system. A plurality of defects 
1 having the entire defect size of 0.5 p.m or more in which 
microdefects gather in a colony state as shown in Fig. 
1 and Fig. 2 were observed. In the wafers (8-Inch wafer) 
observed as described above, 1 0 to 30 colony-like de- 
fects each having the size on the order of 1 to 5 p.m were 
present on a surface of the wafer, especially in the pe- 
ripheral area thereof. 

(Manufacturing Example 1) 

[0060] The wafer manufacturing process described 
hereinafter comprises a step for inspecting a defect hav- 
ing the entire defect size of 0.5 ^im or more in which 
microdefects gather in a colony state with a laser micro- 
scope based on a confocal optical system, and the in- 
specting step was located between a cleaning and dry- 
ing step and a packaging step. 

[0061 ] Steps up to the cleaning and drying step in the 
wafer manufacturing process were carried out In a plu- 
rality of lines to evaluate wafers. The above-described 
defect was observed in some lines,, but was not ob- 
served in other lines. In the manufacturing process 
wherein the defect was observed, the water used for 
storing a polished wafer was only pure water. When hy- 
drogen peroxide solution and citric acid were added to 
the water for storing wafers therein, the defect was not 
observed in the wafer manufactured in the line. As de- 
scribed above, the manufacturing process can be im> 
proved by the use of the result obtained in the inspection 
step with the laser microscope based on the confocal 
optical system. 

[0062] When the wafer recognized as having a defect, 
especially a wafer having the relatively larger defect with 
the size of 0.5 M.m or more was used In the device fab- 
ricating process, the yield became lower. In the inspect- 
ing step, the defect was recognized visually or by the 
image processing, and wafers not having the defect 
were selected and used in the device fabricating proc- 
ess, so that the yield was improved. 
[0063] From the results of various experiments de- 
scribed above, a new defect affecting the yield in the 



device fabricating process was found. It was also con- 
firmed that the wafer not having the defect as described 
above showed the excellent performance. Further it was 
found that the defect could easily be found with a laser 

5 microscope based on a confocal optical system. There- 
fore by selecting only wafers not having the defect and 
sending the selected wafers to the device fabricating 
process, the yield can be improved. It was also found 
that it was required to prevent and control contamination 

^0 by impurities after polishing for protection against this 
type of defect. Also it was found that the defect could be 
detected, in addition to the laser microscope based on 
the confocal optical system, also with a dark field micro- 
scope, and that, In that case, the same effect as that 

15 obtained by the laser microscope could be obtained. It 
is preferable to use a microscope capable of sensing a 
change in a quantity of detected light (difference In con- 
trast). 

[0064] It is to be noted that the present Invention is 

20 not limited to the embodiments described above. For in- 
stance, the defect which can be observed with the laser 
microscope based on the confocal optical system or the 
like, namely the defect without irregularities having the 
entire defect size of 0.5 ^m or more in which microde- 

25 fects gather in a colony state is often observed after the 
polishing step. It can be considered that, as a surface 
of a polished wafer is in an active state, the surface is 
easily affected when the surface is contacted to impuri- 
ties which are considered to be a cause for the defect. 

30 The active state of the wafer surface is also generated 
after epitaxial growth or on a surface of a wafer proc- 
essed by, for instance, a hydrofluoric acid solution, with 
the result that similar defects may be observed. Inspec- 
tion of wafers after epitaxial growth or wafers processed 

35 by hydrofluoric acid and selection of wafers having no 
defect after these steps are also included In a technical 
scope of the present invention. 
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Capability of Exploitation in Industry: 



[0065] As described above, with the method for in- 
specting a silicon wafer according to the present inven- 
tion, it is possible to efftciently detect and identify a new 
defect of a silicon wafer which may affect a device fab- 

45 ricating process (a defect having the entire defect size 
of 0.5 n-m or more in which microdefects gather in a col- 
ony state). With the method for manufacturing a silicon 
wafer according to the present invention, a wafer not 
having this new type of defect can be manufactured. 

50 Further with the method for fabricating a device accord- 
ing to the present invention, the yield in the device fab- 
ricating process can be improved by using a silicon wa- 
fer not having this new type of defect. The silicon wafer 
according to the present invention does not have this 

55 new type of defect, and can contribute to improvement 
of yield in the device fabricating process. 
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Claims 

1. A method for inspecting a silicon wafer comprising 
the step of, when inspecting the silicon wafer, in- 
specting a defect having the entire defect size of 0.5 5 
|im or more in which microdefects gather In a colony 
state. 

2. A method for inspecting a silicon wafer according 

to claim 1, wherein the defect is inspected with a io 
laser microscope based on a confocal optical sys- 
tem or a dark field microscope. 

3. A method for manufacturing a silicon wafer com- 
prising the steps of: is 

polishing the silicon wafer; 

cleaning and drying the polished silicon wafer; 

and 

inspecting a defect having the entire defect size 20 
of 0.5 Jim or more in which microdefects gather 
in a colony state with a laser microscope based 
on a confocal optical system or a dark field mi- 
croscope after the cleaning and drying step. 

25 

4. A method for manufacturing a silicon wafer com- 
prising the steps of: 

mirror polishing the silicon wafer; 

cleaning and drying the mirror polished silicon 30 

wafer; and 

preventing deposition of impurities on a surface 
of the wafer and also generation of a defect 
having the entire defect size of 0,5 p,m or more 
in which microdefects gather in a colony state 35 
after the wafer is mirror polished. 

5. A method of fabricating a semiconductor device 
comprising the steps of: 

40 

inspecting a defect having the entire defect size 
of 0.5 fi.m or more in which microdefects gather 
in a colony state in a silicon wafer; 
selecting the silicon wafer not having the de- 
fect; and 45 
fabricating the semiconductor device by using 
the silicon wafer not having the defect. 

6. A silicon wafer which is mirror polished and has no 
defect having the entire defect size of 0.5 ^im or so 
more in which microdefects gather in a colony state. 
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FIG. 5 
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